Background: The 'drip-and-ship' paradigm denotes a treatment regimen in patients in whom intravenous (IV) recombinant tissue plasminogen activator (rt-PA) is initiated at the emergency department (ED) of a community hospital, followed by transfer within 24 h to a comprehensive stroke center. Although the drip-and-ship paradigm has the potential to increase the number of patients who receive IV rt-PA, comparative outcomes have not been assessed at a population-based level. Methods: Statewide estimates of thrombolysis, associated in-hospital outcomes, and hospitalization charges were obtained from 2008-2009 Minnesota Hospital Association data for all patients hospitalized with a primary diagnosis of ischemic stroke. Patients who were assigned the drip-and-ship code [International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) V45.88] were classified under the drip-and-ship paradigm. Patients who underwent thrombolysis (ICD-9-CM code 99.10) without drip-and-ship code were classified as primary ED arrival. Patient outcomes were analyzed after stratification into patients treated with IV rt-PA through primary ED arrival or drip-and-ship paradigm. Results: Of the 21,024 admissions, 602 (2.86%) received IV rt-PA either through primary ED arrival (n = 473) or the drip-and-ship paradigm (n = 129). IV rt-PA was administered in 30 hospitals, of which 13 hospitals used the drip-and-ship paradigm; the number of patients treated with the drip-and-ship
Introduction
Since the publication of the results of the NINDS recombinant tissue plasminogen activator (rt-PA) Stroke Trial in December 1995 [1] and US Food and Drug Administration approval in June 1996, a substantial effort has been undertaken at both the national and regional level to increase the proportion of patients with ischemic stroke who receive thrombolysis, including a relatively new 'drip-and-ship' strategy. 'Drip and ship' is a term used to identify patients in whom intravenous (IV) rt-PA is initiated at the emergency department (ED) of a community hospital, followed by transfer within 24 h to a comprehensive stroke center. A new International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM), diagnosis code V45.88, was approved by the Centers for Medicare and Medicaid Services on October 1, 2008, to identify patients treated by the 'drip-and-ship' paradigm. Several studies have reported single center experiences with the drip-and-ship paradigm and provided comparative outcomes with patients treated at primary ED arrival [2] [3] [4] . However, no population-based study has evaluated the results of this paradigm in general practice.
There are reasons to believe that the results of 'drip-and-ship' treatment may not be as promising as reported in single center studies. Single centers may have a well-developed relationship with referring EDs with protocol sharing and real-time assistance through telephone or video conferencing [5] . There is also a sampling bias influenced by the population served by the study center which may yield different results due to variations in acute interventions within population groups [6] . A population-based study is more likely to reflect the heterogeneity of implementation by various practices and the study sample is more reflective of various racial/ethnic and socioeconomic population groups.
Methods
The population of the state of Minnesota (225,171 km 2 ) in 2009 according to the census was 5,266,214 persons. Whites and African Americans form 87 and 5% of the population, respectively; 4% were categorized as persons of Hispanic or Latino origin [7] . Thirteen percent of the population is aged 6 65 years and 50% of the overall population is female.
The Minnesota Hospital Association (MHA) is a trade association representing 148 hospitals in Minnesota. Under agreement with the Minnesota Department of Health, MHA serves as the voluntary, nonprofit reporting organization for the collection of the Health Care Cost Information System hospital-specific financial, utilization, staffing and service data. The data are required by Minnesota Statutes Section 144.695-144.703 and Minnesota Rules, chapter 4650, and are a database of key hospital indicators maintained for comparative reporting. There are 1 500 data elements in the database [8] . Since 1993, the data are based on the Uniform Bill, 1992 version (UB-92). The MHA database is de-identified, which is an exemption for institutional review board review. In 1995, the database was expanded to invite all Minnesota acute care hospitals to submit data on both in-and outpatient claims on a voluntary basis. All standard administrative data elements were collected, including admission and discharge dates, admission source, discharge type, age, sex, ICD-9-CM diagnosis codes with present-on-admission modifiers and ICD-9-CM procedure codes with date procedures performed.
We analyzed the MHA public use data files from October 2008 to December 2009. We used the ICD-9-CM [9] as primary or secondary diagnosis codes to identify the patients admitted with ischemic stroke. Diagnostic code fields were screened for specific codes to identify patients with ischemic stroke using ICD-9 codes 433, 434, 436, 437.0, and 437.1 as primary or secondary discharge diagnoses. Patients who were assigned the drip-and-ship code (ICD-9-CM V45.88 code) were classified as receiving treatment using the drip-and-ship paradigm. Patients receiving thrombolysis (identified by ICD-9-CM procedure code 99.10) without drip-and-ship code were classified as primary ED arrival. If thrombolysis was administered to patients with ICD-9-CM secondary diagnosis codes to identify those with stroke-associated complications such as pneumonia (481, 482. 3 (410) . We also used ICD-9-CM procedure codes to estimate the percentage of stroke patients who underwent stroke-related procedures such as cerebral angiography (88.41), carotid angioplasty/stent placement (00.63/00.64), intracranial angioplasty/stent placement (00.62/00.65), gastrostomy (43.11-43.19), tracheostomy (31.10, 31.20, 31.21, or 31.29), and carotid endarterectomy (38.12). We also determined the rate of admission to a certified stroke center (14 centers are certified by the Joint Commission in Minnesota) as final destination of acute hospitalization in both groups.
We also ascertained the following variables between the two groups: age, sex, length of hospitalization, discharge status [categorized into home (routine), home health care, shortterm hospital, other long-term facilities including intermediate care and skilled nursing home, or death], and medical complications: procedures performed and total cost of hospitalization. We used the 2 test for categorical data and analysis of variance for continuous data to detect any significant differences in variables among patients treated with IV rt-PA either as primary ED arrival mode or using the drip-and-ship paradigm.
Results
There were 21,024 admissions for ischemic stroke in Minnesota-based hospitals. Of these admissions, 602 (2.86%) underwent treatment with IV rt-PA. Of these 602 patients, 473 received thrombolysis through primary ED arrival and 129 received thrombolysis through the drip-and-ship paradigm. IV rt-PA was administered in 30 hospitals and 13 of them used the drip-and-ship paradigm; the number of patients treated with the drip-and-ship paradigm varied from 1 to 40 between the 13 hospitals. More than half of the patients treated with the drip-and-ship paradigm were admitted to 2 hospitals (37 and 40 patients). The rate of admission to a certified stroke center as final destination for acute hospitalization was higher in patients treated with the drip-and-ship paradigm compared with those treated by primary ED arrival mode (p = 0.015). Table 1 demonstrates the demographic and clinical characteristics of the patients according to the treatment used. The mean age was similar between the two groups. The rates of medical complications appeared to be similar between the two patient groups. The rates of additional procedures including cerebral angiography, mechanical ventilation, gastrostomy, and carotid or intracranial stent placement were similar between the two patient groups.
The mean length of hospitalization ( 8 SD) was 5.98 ( 8 4.8) versus 5.11 ( 8 3.7) days among patients treated with IV rt-PA through primary ED arrival or the drip-and-ship paradigm, respectively ( table 2 ). The rates of secondary ICH or subarachnoid hemorrhage were higher in patients treated with IV rt-PA through primary ED arrival compared with those treated with the drip-and-ship paradigm (8.5 vs. 3.1, respectively; p = 0.038). The in-hospital mortality rate was similar among ischemic stroke patients receiving IV rt-PA through primary ED arrival or through the drip-and-ship paradigm (5.9 vs. 7.0%, respectively). The rate of discharge to home following hospitalizations was similar between patients receiving IV rt-PA through primary ED arrival or the drip-and-ship paradigm (31.9 vs. 34.9%, respectively). The mean hospital charges were USD 65,669 for primary ED arrival and USD 47,850 for the drip-and-ship-treated patients (p ! 0.001). 
Discussion
In this statewide data set, we found similar outcomes for patients treated with intravenous thrombolysis either after primary ED arrival or through the drip-and-ship paradigm, in agreement with results derived from single center studies [2] [3] [4] . Of these 602 patients who received IV rt-PA in Minnesota, 473 and 129 patients were treated through primary ED arrival and the drip-and-ship paradigm. A proportion of the 129 patients who received IV rt-PA through the drip-and-ship paradigm may not have received IV rt-PA without availability of this treatment method. The proportion of these patients would be higher in states where the Emergency Medical Services transport patients to the nearest available ED in the absence of preexisting designated hospital EDs for acute stroke patients. In addition, patients treated with the drip-and-ship paradigm were more likely to be admitted to a certified stroke center as the final destination for acute hospitalization. The strategy appeared to be costeffective in our analysis, but the hospital charges are confounded by the fact that IV rt-PA was administered at the originating hospital but the patient is admitted to the receiving hospital. DRG 559 cannot be utilized by the receiving hospital because no thrombolytic agent was administered at the receiving hospital. Thus the hospital charges may not account for added costs associated with the initial care of patients receiving the thrombolytic agent.
The comparable outcomes seen in patients treated with the drip-and-ship paradigm in our study are presumably attributable to the ability of ED physicians to identify stroke patients who are candidates for IV rt-PA with or without expedient consultation with the stroke team of the receiving hospital. One study [10] compared assessment of eligibility for IV rt-PA by ED physician and stroke neurology physician in a sample of patients presenting with possible stroke symptoms. Agreement with the stroke neurologist for IV rt-PA eligibility was 93% when compared with the ED physician. In another study [4] , the accuracy of ischemic stroke diagnosis (by radiographic confirmation) was similar between patients receiving IV rt-PA through primary ED arrival or the drip-and-ship paradigm. Rapid acquisition of CT scan images at referring EDs and remote expert interpretation have also favorably impacted the drip-and-ship paradigm [11] . Many referral hospitals initiate IV rt-PA using telemedicine or telephone consultation before transferring patients to a regional stroke center and, therefore, acquire guidance from stroke specialists in a time-efficient manner. In an analysis of selected data from the Get-with-the-Guidelines initiative [5] , 13 of the 33 referral hospitals had an established telemedicine connection with the hospital during the study period; the remainder used the telephone. Among the 181 drip-and-ship cases in the study, supervision of thrombolysis was by telestroke in 84 (46.4%) and telephone in 97 (53.6%) patients. Televideo consultation increased the accuracy of decision and rate of rt-PA administration in 1 randomized trial [12] .
Our study supports the recommendations of various professional organizations that the drip-and-ship paradigm of rt-PA administration for stroke may be an effective option for increasing the utilization of IV rt-PA in the United States. The American Stroke Association's Task Force on the Development of Stroke Systems [13] recommended that 'a stroke system must develop strategies that incorporate hospitals that do not intend to seek stroke center status. All hospitals and facilities that could be involved in the care of acute stroke patients should develop action plans for the triage and treatment (or transport) of stroke patients'. The drip-and-ship paradigm is consistent with the goal of the task forces to ensure that suspected stroke patients should receive timely acute primary stroke care at any hospital in the stroke system according to a prespecified care plan. The extensive area that can be covered through the drip-and-ship paradigm is highlighted by analyses of the regional hospital stroke referral network surrounding Saint Luke's Hospital Stroke Center in Kansas City [2] and of the University of Texas-Houston Health Science Center [4] . These studies found that the referring hospitals participating in the drip-and-ship paradigm can range in distance from 160 to 650 km from the receiving hospital.
The accuracy of our analysis depended upon the accuracy of ICD-9-CM codes V45.88 and 99.10 on UB-92 summaries. In anticipation of such studies, we had recently studied the accuracy of the new V45.88 code for identifying ischemic stroke patients who meet the criteria for the drip-and-ship paradigm at 2 of the participating hospitals in Minnesota [14] . Out of a total of 428 patients discharged from both hospitals with a diagnosis of ischemic stroke, 37 patients were given ICD-9-CM code V45.88. The internally validated data from the prospective stroke database maintained at these 2 hospitals demonstrated that a total of 40 patients met the criteria for the drip-and-ship paradigm. A concurrent comparison found that 92% (sensitivity) of the patients treated with the drip-and-ship paradigm were coded with V45.88. None of the non-drip-and-ship stroke cases received the V45.88 code (100% specificity). The positive predictive value of V45.88 was 100%. Previously, we had also studied [15] the accuracy of ICD-9 procedure code 99.10 for use of thrombolysis in ischemic stroke by comparing procedure codes of University Hospital discharge data with a concurrent prospective registry. The procedure code 99.10 was designated for injection or infusion of thrombolytic agents permitting estimation of national and statewide use in 1998 [16] . The sensitivity and specificity for ICD-9 procedure code 99.10 in our study was 55 and 98%, respectively. The high specificity of both codes suggests that the patient designation for each category is most likely accurate, although the exact prevalence may be underestimated [14, 15, 17] .
We used the data from the MHA, a large data set designed to be representative of the Minnesota state population. One disadvantage of the MHA database is that it provides minimal clinical details on the severity of patients' neurological deficits, on diagnostic study results, or on patients' medications. We also acknowledge the limitations with case ascertainment using such methodology [14, 15, 17] . To avoid missing any patients who underwent thrombolysis, we included all patients with ICD-9-CM codes for ischemic stroke either as primary or secondary discharge diagnoses. A previous study [18] indicated that studies which use primary and secondary ICD-9-CM discharge codes to measure stroke occurrence will overestimate the number of hospitalized strokes in the population. The overestimation of the denominator for the derivation of 2.9% rt-PA utilization rate is likely to underestimate the actual rate of utilization. The denominator did not adjust for the time interval between symptom onset and admission (including a large proportion of non-candidates), in-hospital strokes, or multiple admissions of the same patient, which further confound the estimate of IV rt-PA use. ICH identified using ICD-9-CM codes in our study represents all types of ICH (symptomatic and asymptomatic) throughout hospitalization and therefore the rates cannot be compared to studies that provide rates of symptomatic ICH within the first 24-36 h. The differential rate between ICHs in the two patients groups in our study raises the possibility that referring EDs are selecting patients with more favorable characteristics for IV rt-PA compared with EDs of receiving hospitals thus resulting in better outcomes, lower costs, and lower rates of ICH in patients treated by the dripand-ship paradigm.
The results of the drip-and-ship paradigm compare favorably with IV rt-PA treatment through primary ED arrival in this statewide study supporting broader applicability of this strategy.
